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PRODUCTION OF RECOMBINANT PROTEINS IN VIVO AND USE FOR 

GENERATING ANTIBODIES 

Related Applications 

5 This application claims priority from U.S. provisional application serial 

number 60/318,474, filed on September 10, 2001, the content of which is incorporated 
herein by reference. 

Field of the Invention 

1 0 The invention relates to methods and compositions for producing proteins and 

generating antibodies. 

Background of the Invention 
Antibodies are valuable tools for both basic research and the diagnosis and 



p j 1 5 treatment of various diseases. Protein-specific binding antibodies allow for the precise 
~ identification and quantitation of a particular species of protein in a biological sample. In 

; addition, the interaction between a protein and its binding antibody can modulate the 

fy activity or function of a protein. Modulation of the activity or function of a protein is 

^« particularly useful in treating a disease condition characterized by either excessive or 

□ 20 insufficient activity of a given protein. 

fU 

The generation of protein-specific antibodies frequently involves immunization 
using a purified form of a protein against which antibodies are desired. Providing 
sufficient quantities for immunization with a specific, properly folded protein is a 
common challenge in the field of antibody generation. 

25 

Summary of the Invention 
The invention is directed to methods of producing a protein by administering a 
nucleic acid encoding the protein to an animal. According to these methods, any nucleic 
acid sequence of interest can be administered to an animal. Following the administration 
30 of the nucleic acid to the animal, the protein is produced in vivo and can be isolated 
following the removal of a biological sample from the animal. 
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A protein produced according to these methods can be used to generate in a 
second animal an antibody that binds to a protein sequence of interest. In some instances, 
the methods include an initial isolation of the protein from the biological sample. This 
isolated protein is then used to immunize an animal. This invention thus permits the 
efficient generation of antibodies directed against a target amino acid sequence. 

In one aspect, the invention includes a method of generating an antibody by 
performing the following steps: (1) administering to a first mammal a nucleic acid 
encoding a fusion protein and expressing the fusion protein in the first mammal, wherein 
the fusion protein contains a first amino acid sequence and a second amino acid 
sequence, and wherein the second amino acid sequence contains a first member of a 
specific binding pair; (2) removing from the first mammal a biological sample that 
contains the fusion protein; (3) binding a second member of the specific binding pair to 
the fusion protein via the first member of the specific binding pair to thereby isolate the 
fusion protein; and (4) administering the fusion protein to a second mammal, to thereby 
generate an antibody response in the second mammal against the first amino acid 
sequence of the fusion protein. • 

In one embodiment, the method also includes a step of cleaving the first amino 
acid sequence from the second amino acid sequence. 

In one embodiment, the first member of the specific binding pair is a peptide of at 
least five amino acids in length. For example, the first member of the specific binding 
pair can be an Fc domain of an immunoglobulin. 

The biological sample used in the method can include, for example, serum or a 
tissue lysate. The method can include an additional step of generating a lysate of the 
biological sample. 

In one embodiment, the second member of the specific binding pair is an 
antibody, e.g., a monoclonal antibody. 

The method can include an additional step of administering a protease inhibitor to 
the animal before removing the biological sample from the animal. 

The method can also include an additional step of immobilizing the fusion 

protein. 



/i^^y Docket No. 1 3062-00400 1 

In one embodiment, the first amino acid sequence of the fusion protein is identical 
to all or a portion of a naturally occurring human protein. 

The method can include an additional step of isolating from the second mammal 
antisera containing an antibody that specifically binds to the first amino acid sequence of 
5 the fusion protein, wherein the antibody is produced in the second mammal following the 
administration of the fusion protein. 

The method can include an additional step of removing a B lymphocyte from the 
second mammal and fusing the B lymphocyte in vitro with a second cell to form a 
hybridoma, wherein the hybridoma produces a monoclonal antibody that specifically 
1 0 binds to the first amino acid sequence of the fusion protein. 

The method can include an additional step of removing components of the 
M biological sample that are not bound to the second member of the specific binding pair, to 

q thereby provide a purified fusion protein: 

J*j In another aspect, the invention features a method of generating an antibody by 

*« " 

pj 1 5 performing the following steps: (1) administering to a first mammal an isolated nucleic 

M 

q acid encoding a protein and expressing the protein in the first mammal; (2) removing 

* b from the first mammal a biological sample that contains the protein; and 

fjj (3) administering the protein to a second mammal, to thereby generate an antibody 

U 

p response in the second mammal against the protein. 

O 20 The protein used in the method can optionally be a fusion protein. The fusion 

protein can contain a first amino acid sequence and a second amino acid sequence, 
wherein the second amino acid sequence contains a first member of a specific binding 
pair. In one embodiment, the first member of the specific binding pair is a peptide of at 
least five amino acids in length. For example, the first member of the specific binding 
25 pair can be an Fc domain of an immunoglobulin. 

The biological sample used in the method can include, for example, serum or a 
tissue lysate. The method can include an additional step of generating a lysate of the 
biological sample. 

The method can include an additional step of isolating from the second mammal 
30 antisera containing an antibody that specifically binds to the protein, wherein the 

antibody is produced in the second mammal following the administration of the protein. 
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The method can include an additional step of removing a B lymphocyte from the 
second mammal and fusing the B lymphocyte in vitro with a second cell to form a 
hybridoma, wherein the hybridoma produces a monoclonal antibody that specifically 
binds to the protein. 

An advantage of the invention is that it provides rapid and efficient methods for the 
production of large amounts of a protein or portion thereof in its native conformation. 
The purified protein can then be used in generating antibodies that bind to the 
corresponding native protein sequence. These production methods avoid the time- 
consuming, expensive, and laborious tasks associated with the in vitro production and 
purification of proteins. 

Another advantage of the invention is that it avoids several of the difficulties 
associated with recombinant protein production in bacteria. Mammalian proteins 
expressed in bacteria lack post-translational modification and frequently do not possess 
their native conformation. In addition, some proteins cannot even be translated in some 
bacteria because some nucleic acid constructs contain codons that are rarely used in 
bacteria. 

Unless otherwise defined, all technical and scientific terms used herein have the 
same meaning as commonly understood by those of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of the invention, suitable methods 
and materials are described below. All publications, patent applications, patents, and 
other references mentioned herein are incorporated by reference in their entirety. In case 
of a conflict in terminology, the present specification will control. In addition, the 
described materials and methods are illustrative only and are not intended to be limiting. 

Other features and advantages of the invention will be apparent from the 
following detailed description and the claims. 



Brief Description of the Drawings 
Fig. 1 depicts the generation and detection of Crl -tagged EGFP fusion protein- 
specific antibodies from an animal immunized with a nucleic acid encoded Crl -tagged 
EGFP fusion protein. 
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Fig. 2 depicts the generation and detection of Crl -tagged luciferase fusion 
protein-specific antibodies from an animal immunized with a nucleic acid encoded Crl- 
tagged luciferase fusion protein. 

5 Detailed Description 

The invention is directed to methods of generating an antibody against a protein 
of interest by administering to an animal a nucleic acid encoding the protein or a portion 
thereof. The protein or a portion thereof is produced within the animal, removed from 
the animal, and then used to immunize a second animal to generate an antibody against 
1 0 the protein. In some instances, the method includes a step of isolating the protein by use 
of an affinity reagent that specifically binds to the protein (e.g., binds to a portion of the 

ja. protein engineered to contain an affinity tag). 

O 
Q 

S J Nucleic Acid Constructs 

1 5 The invention encompasses the use of a variety of nucleic acid constructs 

encoding fusion proteins. The fusion proteins encoded by the nucleic acids described 
s herein contain at least two heterologous amino acid sequences, designated a first amino 

o 

pj acid sequence and a second amino acid sequence. Because these two amino acid 

^ sequences are heterologous, the sequence of the fusion protein thus differs from that of a 

4- 

O 20 naturally occurring protein. 

pj 

The identity of the first amino acid sequence is essentially unlimited. The first 
amino acid sequence is generally a focus of the methods of the invention, in that a variety 
of applications can be carried out on this sequence, including but not limited to methods 
to generate antibodies that bind to the sequence. In one example, the first amino acid 
25 sequence is identical to all or a portion of a naturally occurring protein. Preferably, the 
first amino acid sequence is at least 6, 10, 25, 50, 100, or 200 amino acids in length. In 
another example, the first amino acid sequence contains an epitope that can be recognized 
by an antibody. 

The second amino acid sequence of the fusion protein contains a sequence that 
30 permits the immobilization and/or purification of the fusion protein. Therefore, the 
second amino acid sequence contains a first member of a specific binding pair that can 



c: 
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bind to a second member of the specific binding pair. In one example of a specific 
binding pair, the first member of the pair is a stretch of amino acids that is bound by the 
second member of the pair, e.g., an antibody such as a monoclonal antibody. One 
embodiment of such a binding pair is an immunoglobulin Fc constant region (first 
5 member of the specific binding pair) and an antiimmunoglobulin Fc constant region 
antibody (second member of the specific binding pair). In another example of a specific 
binding pair, the first member of the binding pair is a stretch of amino acids that is bound 
by a non-protein affinity agent. An example of such a specific binding pair is a poly- 
histidine tag (first member of the specific binding pair) and a nickel affinity reagent 
10 (second member of the specific binding pair). For example, a tag of 6-10 histidine 

residues, when included in a fusion protein, can be used to purify the fusion protein by 
^ nickel affinity chromatography (see, e.g., Copeland et al. (1996) Nature 379:162-165). 

Amino acid sequences in addition to the first and second amino acid sequences 
H described herein can be included in the fusion protein. For example, a targeting sequence 

pj 1 5 can be used that directs trafficking of the fusion protein (e.g., the targeting sequence can 
j£ direct the fusion protein to a specific cellular compartment, to the plasma membrane, or 

can direct secretion of the protein). In one example, the fusion protein contains a signal 
peptide sequence. A signal peptide sequence refers to a short (usually about 15-60 amino 



S 

ry 

H; acids), continuous stretch of amino acids located at the amino-terminus of nascent 



20 secreted and membrane-bound polypeptides, which directs their delivery to various 
locations. Signal sequences usually contain a hydrophobic core of about 4-15 amino 
acids, which is often immediately preceded by a basic amino acid. At the carboxyl- 
terminal end of the signal peptide there are a pair of small, uncharged amino acids 
separated by a single intervening amino acid that defines the signal peptide cleavage site 

25 (see, e.g., von Heijne (1990) J. Membrane Biol. 1 15:195-201). 

A fusion protein can optionally contain other amino acid sequences, in addition to 
the first and second amino acid sequences, that carry out substantially the same functions 
as the first and/or second amino acid sequences. For example, a fusion protein can 
contain an additional member of a specific binding pair and/or an additional amino acid 

30 sequence against which an antibody is generated. Thus, a single fusion protein can 

contain, in addition to the second amino acid sequence, a plurality of sequences derived 



6 



AtHt Docket No. 13062-004001 



from different proteins (or multiple epitopes derived from the same protein) and can thus 
be used to generate antibodies against the different sequences. 

A fusion protein can optionally contain an amino acid sequence that permits the 
cleavage of the fusion protein. For example, a protein cleavage site can be placed 
5 between the first and second amino acid sequences. Such a cleavage site can permit the 
separation of the first amino acid sequence from the second amino acid sequence 
following purification of the fiision protein. For example, the fusion protein can contain 
a sequence of amino acids that includes a specific recognition site for enzymatic cleavage 
which does not occur elsewhere in the molecule. Examples of useful sites are the 
10 sequences that are recognized and cleaved by blood factor Xa or enterokinase. A 
cleavage enzyme can thus by chosen by reference to its recognition sequence. 
M A fusion protein can optionally contain one or more linker sequences. A linker 

n sequence can be used to provide spacing and/or orientation to the first and/or second 

amino acid sequences and promote the biological functioning of each of the sequences. 

ftf 15 A linker sequence generally separates two sequences by a distance sufficient to ensure 

U 

q that each folds into its secondary structure. A linker sequence length of about 20 amino 

!L acids can be used to provide a suitable separation of functional protein domains, although 

fy longer or shorter linker sequences can also be used (e.g., lengths of 3 to 100 amino acids). 

Amino acid sequences useful as linkers include, but are not limited to, (SerGly 4 ) y (SEQ 

C3 20 ID NO:l) wherein y is at least 2, or Gly 4 SerGly 5 Ser (SEQ ID NO:2). A preferred linker 

W 

sequence has the formula (SerGly 4 )4 (SEQ ID NO:3). Another preferred linker has the 
sequence ((Ser 4 Gly) 3 -Ser-Pro) (SEQ ID NO:4). Alternatively, a fusion protein can lack 
linker sequences. 

The invention also encompasses methods that use an isolated nucleic acid that 
25 encodes a protein. An "isolated" nucleic acid is a nucleic acid molecule the structure of 
which is not identical to that ot a naturally occurring nucleic acid or to that of any 
fragment of a naturally occurring genomic nucleic acid spanning more than one gene. In 
these embodiments, the protein encoded by the nucleic acid need not be a fusion protein 
and can contain a sequence that is identical to all or a portion of the amino acid sequence 
30 of a naturally occurring protein. Preferably, the protein contains an amino acid sequence 
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that is identical to at least 6, 10, 25, 50, .100, or 200 consecutive amino acids of a 
naturally occurring protein. 

Nucleic acid constructs can be prepared using conventional molecular biology 
techniques. A nucleic acid can be operatively linked to regulatory elements that direct 
5 expression of the coding sequence. These regulatory elements include, but are not 

limited to, inducible and non-inducible promoters, enhancers, and other elements which 
are known to those skilled in the art and which drive or otherwise regulate gene 
expression. Such regulatory elements include but are not limited to the cytomegalovirus 
(CMV) immediate early gene, a retroviral LTR promoter, and the early or late promoters 

1 0 of SV40. In a preferred embodiment, expression of the nucleic acid is under the control 
of a human CMV immediate early promoter. 

Nucleic acid constructs are preferably incorporated into a vector, e.g., an 
expression vector such as a plasmid or a viral vector. Specific initiation signals may also 
be required for efficient translation of nucleic acid molecules. These translational control 

15 signals include the ATG initiation codon and adjacent sequences (e.g., sequences that 
conform with the Kozak consensus sequence). Furthermore, the initiation codon must be 
in phase with the reading frame of the desired coding sequence to ensure translation of 
the entire insert. Translational control signals and initiation codons can be of a variety of 
origins, both natural and synthetic. The efficiency of expression may be enhanced by the 

20 inclusion of appropriate transcription enhancer elements, transcription terminators, or 
introns (see Bittner et al. (1987) Methods Enzymol 153:516). 

In Vivo Production of Protein s 

A protein, e.g., a fusion protein, is produced by administering a nucleic acid 

25 described herein to an animal, e.g., a mammal such as a mouse, rat, goat, rabbit, or 

human. Following administration of the nucleic acid, translation (as well as transcription, 
if the nucleic acid is a DNA sequence) occurs in vivo and the protein is thus produced 
within the animal. The nucleic acid can be administered to the animal by a variety of 
routes, e.g., intravenously, intramuscularly, intraarterially, intradermally, 

30 intraperitoneal^, intranasally, or subcutaneously. 
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The nucleic acid can be "naked" or complexed with a delivery vehicle. Examples 
of useful delivery vehicles include but are not limited to microparticles, liposomes, 
ISCOMS, or any other suitable delivery vehicles. For a description of useful methods of 
gene transfer, see, e.g., Templeton et al. (1997) Nature Biotechnology 15:647-652 and 
U.S. Patent No. 6,214,804. 

One particularly useful means of obtaining high level expression of a nucleic acid 
in an animal is by use of a hydrodynamics-based transfection procedure (see, e.g., Liu et 
al. (1999) Gene Therapy 6:1258-1266; Zhang et al. (1999) Human Gene Therapy 
10:1735-1737; Zhang et al. (2000) Gene Therapy 7:1344-1349; He et al. (2000) Human 
Gene Therapy 1 1 :547-554). According to these methods, a large volume of liquid 
containing a nucleic acid of interest is injected rapidly into an animal. This method can 
result in gene expression within 8-24 hours as well as extended gene expression over 
days or weeks. For example, the injection into the tail vain of a mouse of approximately 
1.5 to 2.5 ml of a solution containing about 5-25 ug of plasmid DNA at a rate of 
approximately 0.3 ml/second can result in expression of the protein encoded by the 
nucleic acid. If the nucleic acid construct encodes a sequence that directs secretion of the 
protein, e.g., a signal peptide sequence, then significant amounts of the protein are 
secreted into the blood of the animal. 

The production of a protein in an animal, as described herein, can be accompanied 
by the administration to the animal of a protease inhibitor or a plurality of different 
protease inhibitors. Examples include inhibitors of serine, cysteine, or aspartic proteases 
as well as inhibitors of aminopeptidases. The administration of protease inhibitors to the 
animal can increase the yield of functional protein isolated from the animal. The protease 
inhibitors can be administered before, during, or after the administration of the nucleic 
acid to the animal. 

Once the protein is produced within the animal, a biological sample containing 
the protein can be removed from the animal. As described above for the hydrodynamics- 
based transfection procedure (e.g., as carried out together with the in vivo administration 
of protease inhibitors), significant amounts of the protein are produced within about 8-24 
hours following the administration of the nucleic acid. The animal may need to be 
sacrificed, depending upon the nature of the sample to be removed. For example, the 
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protein can be found within the blood or a solid organ including but not limited to the 
liver, kidney, spleen, heart, and/or lung. Following the removal of a solid organ, a tissue 
lysate may optionally be prepared to facilitate isolation and processing of the protein. In 
some embodiments, the biological sample removed from the animal contains at least 
5 ^g, 25 ng, 50 ng, 200 ng, 500 jug, lmg, 5mg, or more of the protein. 

Purification of Fusion Proteins 

Following the removal of a biological sample containing a fusion protein from an 
animal, an in vitro method can be carried out to purify the fusion protein. As described 
herein, the fusion protein contains a first member of a specific binding pair. The 
biological sample is brought into contact with a second member of the specific binding 
pair, and the fusion protein contained within the sample is thereby bound to the second 
member. Unbound material contained within the biological sample can be removed by 
washing. Methods of immobilizing proteins by means of interactions between members 
of specific binding pairs are well known to those of skill in the art. As described herein, 
the second member of the specific binding pair can include proteins such as antibodies as 
well as non-protein affinity reagents such as nickel (for use in purifying proteins 
containing a poly histidine tag). 

In one example, a fusion protein is captured by using antibodies (specific to the 
second amino acid sequence of the fusion protein) coated on a solid phase surface. 
Monoclonal or polyclonal antibodies (in general, it derived from the same animal species 
as that used for immunization) specific for the second amino acid sequence can be 
immobilized on a suitable solid phase surface by various methods known to those in the 
art. In a preferred embodiment of the present invention, human immunoglobulin Fc 
constant gamma- 1 (Crl) specific antibodies are used. The solid phase surface is not 
limited to any particular form and includes plastic tubes, microtiter plates, beads such as 
cellulose beads and agarose beads, latex particles, magnetic particles, paper, and 
dipsticks. Methods for immobilizing antibodies include passive absorption, covalent 
linkage, and physical trapping. The fusion protein is captured on the solid phase surface 
by incubation of the fusion protein-containing biological sample (e.g., sera or tissue 
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lysates) with second amino acid sequence-specific antibodies pre-immobilized on the 
surface. Unbound materials can be removed by washing. 

The immobilized fusion protein can be purified and used to immunize an animal 
to generate antibodies (immunization methods are described in further detail in 
subsequent sections). The fusion protein or a portion thereof can optionally be purified to 
homogeneity following the immobilization and washing steps. As described herein, the 
fusion protein can optionally contain a sequence, e.g. a sequence located between the first 
and second amino acid sequences, that permits cleavage of the fusion protein and the 
isolation of the first amino acid sequence and use for immunization of an animal to 
generate antibodies. 

Alternatively, the fusion protein can be removed from a first animal and used for 
immunization of a second animal without purification from the biological sample in 
which it is contained. 

The fusion protein can optionally be produced in the same animal strain (e.g., 
BALB/c mice) that is used for antibody generation. Because of the genetic identity of the 
animals used in each phase of the method, the fusion protein produced in the first animal 
need not be purified (or purified to homogeneity) to be useful for the immunization 
procedure in the second animal. Because any contaminating proteins contained in the 
biological sample from the first animal will be treated as self-antigens in the immunized 
animal, only the fusion protein encoded by the nucleic acid will induce a humoral 
immune response. 

Generation of Antibodies 

For the immunization process, a protein described herein is administered to an 
animal, e.g., a mammal such as a mouse, rat, goat, rabbit, or human. The protein, e.g., a 
fusion protein, can be partially purified, purified to homogeneity, or can be used for 
immunization without purification from the biological sample in which it is contained. In 
addition to a fusion protein produced as described herein, a portion of a fusion protein 
(e.g., produced following cleavage of the fusion protein) can alternatively be used for 
immunization. 
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The administration of the protein to the animal results in the generation of an 
immune response within the animal directed against an amino acid sequence of the 
protein. This immune response can be exploited to prepare antibodies, either polyclonal 
or monoclonal, that recognize the amino acid sequence, e.g., the first amino acid 
5 sequence of a fusion protein. The protein is delivered by a route and in a dosage that is 
sufficient to induce a humoral immune response. For example, the protein can be 
administered intraperitoneally, intravenously, intramuscularly, intraarterially, 
intradermally, intranasally, or subcutaneously. 

The following is an illustrative embodiment of a method of preparing a polyclonal 
1 0 or monoclonal antibody using a protein described herein. A protein, e.g., a fusion 
protein, is isolated from protein-containing sera or tissue lysate and is mixed with 
U complete Freund's adjuvant or aluminum hydroxide in a 1 : 1 ratio and injected into a 

p mouse at a dose of at least 1 microgram protein per mouse. Boost injections with the 

same dose and through the same route are performed at day 9 and day 1 8. The titer of the 

p j 1 5 polyclonal serum can be determined using an assay described herein. If the titer of the 

M 

y polyclonal serum is satisfactory at day 25, then a third boost is performed at day 26, and 

s the sera will be harvested thereafter or a cell fusion to produce a hybridoma can be 

p I performed at day 3 1 . 

h 



Monoclonal antibodies can be produced by applying, for example, the well known 



Q 20 cell fusion method of Kohler and Milstein ((1976) European Journal of Immunology 
6:5 1 1 -5 1 9) to produce hybridomas secreting the desired antibodies in the culture 
supernatants. After obtaining a homogenous population of cells, which is usually done 
by limiting dilution cloning, the antibody producing hybridomas are grown in vitro or in 
vivo and the specificity of a monoclonal antibody can then be characterized. 

25 

Screening for Antibodies 

As described herein, a protein, e.g., a fusion protein, can be produced within an 
animal and subsequently immobilized via an interaction between members of a specific 
binding pair. These rapid and efficient methods of producing and immobilizing a protein 
30 containing any sequence of interest (the first amino acid sequence) can be used to screen 
for antibodies that bind to the first amino acid sequence and/or inhibit the ability of a 
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ligand to bind to the first amino acid sequence. These methods are particularly well 
adapted for high throughput screening for antibodies that specifically bind to the first 
amino acid sequence portion of the fusion protein. In addition to or as part of a screening 
system, the methods of the invention include the identification, quantitation, and/or 
purification of antibodies. 

In one method of the invention, recombinant target protein antigen is used to 
screen for target protein-specific antibodies. Following the production of antibodies 
within the animal, test serum can be collected and screened as described herein. 

Screening assays can be conducted in a variety of ways. For example, one 
method to conduct such an assay involves anchoring the protein onto a solid phase (by 
the binding of the members of a specific binding pair) and detecting protein / antibody 
complexes anchored on the solid phase at the end of the reaction. In one embodiment of 
such a method, the protein is anchored onto a solid surface, and the antibody, which is 
not anchored, is labeled, either directly or indirectly. 

As described herein for the immobilization of the fusion protein, a wide variety of 
solid phases can be used for the immobilization and screening processes. For example, 
microtiter plates can conveniently be utilized as the solid phase. The second member of 
the specific binding pair, e.g., a monoclonal antibody, can be immobilized to the solid 
phase by a non-covalent or covalent attachment. Non-covalent attachment can be 
accomplished by simply coating the solid surface with a solution containing the second 
member of the specific binding pair. The surfaces can be prepared in advance and stored. 

In order to conduct the assay, the antisera or antibody containing culture 
supernatant is added to a surface containing the protein. After the reaction is complete, 
unbound components are removed (e.g., by washing) under conditions such that any 
complexes formed will remain immobilized on the solid surface. The detection of 
complexes anchored on the solid surface can be accomplished in a number of ways. 
Where the previously non-immobilized target binding antibodies are not pre-labeled, an 
indirect label can be used to detect complexes anchored on the surface, e.g., using a 
labeled antibody specific for the previously non-immobilized target binding antibody (the 
antibody, in turn, may be directly labeled or indirectly labeled with a labeled anti-Ig 
antibody). 
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Alternatively, a reaction can be conducted in a liquid phase, the bound products 
separated from unbound components, and complexes detected, e.g., using an immobilized 
antibody specific for the protein to anchor any complexes formed in solution, and a 
labeled antibody specific for the target binding antibody of the possible complex to detect 
5 anchored complexes. 

The incubation times and temperatures for these procedures are not narrowly 
critical. For example, incubation times can range from 10 minutes to 48 hours, and 
preferably these are carried out from 1 to 2 hours. The incubation temperatures can range 
from 4°C to 37°C. Preferred incubation temperatures are 20°C to 37°C. 
10 The protein is captured by incubation of protein-containing sera or tissue lysate 

with specific antibodies pre-immobilized on a surface. After removal of unbound non- 

M specific substances, the testing antibodies are incubated with the solid phase and target 

O 

q protein specific antibodies are quantitatively detected with a binding partner that is 

S 1 

, : labeled or tagged with a signal generating marker. For example, if the testing sera is 

^4 

IP j 1 5 derived from mouse, the binding partner can be signal generating marker-labeled 

U 

f i antibodies specific to mouse IgG antibodies. 

s _ In this one embodiment of the present invention, the binding partner can be 

£3 

f\\ labeled or tagged with a variety of signal generating markers. These include (but are not 



limited to) enzymes, chemiluminescent compounds, fluorescent labels, dyes, 



CJ 20 radioisotopic labels, enzyme cofactors, and biotin. The chemical linkage of this binding 

fU 

partner to a signal-generating marker can be accomplished by a variety of methods 
known to those in the art. 

The following are examples of the practice of the invention. They are not to be 
construed as limiting the scope of the invention in any way. 



Examples 



Example 1: In Vivo Generation of a EGFP-menl -Immunoglobulin Fc Constant Region 
Fusion Protein-Specific Antibody Response 
30 A nucleic acid sequence encoding EGFP-menl was ftised to the human 

immunoglobulin Fc constant region gamma 1 (Crl). Ten ug of a DNA construct 
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encoding the EGFP-menl-Crl fusion protein was diluted in 2 ml of phosphate buffered 
saline (PBS) and injected intravenously into a BALB/cj mouse (Jackson Laboratories, 
Bar Harbor, Maine) within a period of 10 seconds. 

The liver was harvested from the mouse 20 hours after injection of the DNA. One 
5 hour before harvesting the liver, 100 ul of a protease inhibitor cocktail (Sigma, P8340) 
was injected intravenously into the mouse. The liver was homogenized and the EGFP- 
menl-Crl fusion protein contained in the lysate was captured on a protein A-bead pre- 
coated with a Crl -specific antibody. The mouse anti-Crl antibody (a capture antibody) 
was pre-coated with protein A-bead by an 30 minute incubation of the antibody at a 

1 0 concentration of 20 ug/ml. Immuno-precipitation was done at 4°C for 2 hours. The 

precipitates were washed twice with PBS-tween buffer and the amounts of fusion protein 
was checked with western blot. The isolated fusion protein was then incubated with 
Al(OH)3 at 4°C for 2 hours (1 mg alum/125 ug protein). 200 ul of alum/protein mixture 
was injected subcutaneous into BALB/cj mice. At day 8 and day 23 after first 

15 immunization, mice were immunized again with the same procedures. The antisera were 
harvested and the fusion protein-specific antibody responses were detected. 

For antibody detection, a EGFP -containing fusion protein (EGFP-Tnlf) was 
produced as described above. The EGFP-Tnlf fusion protein contained in the lysate was 
captured on a microtiter plate pre-coated with a EGFP-specific rabbit antibody 

20 (Invitrogen Inc.). The rabbit anti-EGFP antibody (layer 1; a capture antibody) was 

immobilized on a microtiter plate (NUNC-Immuno™ plate, MaxiSorp™ Surface) by an 
overnight incubation of the antibody at a concentration of 2 ug/ml. 

The EGFP-Tnlf fusion protein (layer 2) was bound to layer 1 by incubating a liver 
lysate (diluted in 1% BSA and 10% normal goat serum containing blocking buffer) in the 

25 wells of the microtiter plate at room temperature for 2 hours. Normal liver lysate which 
did not contain fusion protein was used in parallel wells as a control for background 
subtraction. After four washes to remove unbound material, the plates were incubated 
with a series of dilutions of EGFP-men l -Cr l fusion protein-specific antisera. The sera 
derived from luciferase-Crl fusion protein immunized mice were used as control antisera. 

30 The amount of EGFP-specific antibody (layer 3) bound to the plates was determined by 
adding the following: biotinylated goat anti-mouse IgG (1/5000) (layer 4); streptavidin- 
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alkaline phosphatase enzyme conjugates (1/10000) (layer 5); and 1 mg/ml p-nitrophenyl 
phosphate (enzyme substrate), followed by an incubation at 4°C for 15 hours. The 
presence of alkaline phosphatase conjugated streptavidin was detected by measuring the 
absorption at OD 405 nm, after adding the enzyme substrate. 
5 In Fig. 1, the X axis depicts the dilution factor of the antisera (layer 3), and the Y 

axis depicts delta OD (calculated as the OD derived from fusion protein-containing liver 
lysates minus the OD derived from normal liver lysates). Fig. 1 shows that the assay 
detected the presence of target protein-specific antibodies on the microtiter plate and that 
the delta OD for each dilution of the positive serum displays a linear correlation against 
10 the dilution factor. Each point in the figure is an average of triplicate wells and the figure 
is representative of at least three independent experiments. 



E3 Example 2: In Vivo Generation of a Luciferase-Immunoglobulin Fc Constant Region 

Q 

\.\ Fusion Protein-Specific Antibody Response 

„1 1 5 A nucleic acid sequence encoding iuciferase was fused to the human 

M immunoglobulin Fc constant region gamma 1 (Crl). Ten ug of a DNA construct 

~~ encoding the luciferase-Crl fusion protein was diluted in 2 ml of phosphate buffered 

« saline (PBS) and injected intravenously into a mouse within a period of 10 seconds. 

f=^ The liver was harvested from the mouse 20 hours after injection of the DNA, One 

~ 20 hour before harvesting the liver, 100 ul of a protease inhibitor cocktail (Sigma, P8340) 

Pi was injected intravenously into the mouse. The liver was homogenized and the 

luciferase-Crl fusion protein contained in the lysate was captured on a protein A-bead 



pre-coated with a Crl -specific antibody. The mouse anti-Crl antibody (a capture 
antibody) was pre-coated with protein A-bead by an 30 minutes incubation of the 

25 antibody at a concentration of 20 ug/ml. Immuno-precipitation was done at 4°C for 2 
hours. The precipitates were washed twice with PBS-tween buffer and the amounts of 
fusion protein was checked with western blot. The isolated fusion protein was then 
incubated with Al(OH)3 at 4°C for 2 hours (1 mg alum/125 ug protein). 200 ul of 
alum/protein mixture was injected subcutaneous into BALB/cj mice. At day 8 and 

30 day 23 after first immunization, mice were immunized again with the same procedures. 
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The antisera were harvested and the fusion protein-specific antibody responses were 
detected. 

For luciferase-specific antibody detection, the luciferase recombinant protein 
(Sigma; layer 2) was coated on the wells of the microtiter plate at room temperature for 2 
hours. Irrelevant recombinant protein, lipoprotein lipase, was used in parallel wells as a 
control for background subtraction. After two washes to remove unbound material, the 
plates were incubated with blocking buffer containing 1% BSA and 10% normal goat 
serum for 2 hours. After four washes, the plates were incubated with serial dilutions of 
luciferase-specific antisera. The sera derived from EGFP-menl-Crl fusion protein 
immunized mice were used as control antisera. The amount of antibody (layer 3) bound 
to the plates was determined by adding the following: biotinylated goat anti-mouse IgG 
(1/5000) (layer 4); streptavidin-alkaline phosphatase enzyme conjugates (1/10000) (layer 
5); and 1 mg/ml p-nitrophenyl phosphate (enzyme substrate), followed by an incubation 
at 4°C for 15 hours. The presence of alkaline phosphatase conjugated streptavidin was 
detected by measuring the absorption at OD 405 nm, after adding the enzyme substrate. 

In Fig. 2, the X axis depicts the dilution factor of the test serum (layer 3), and the 
Y axis depicts delta OD (calculated as the OD derived from fusion protein-containing 
liver lysates minus the OD derived from normal liver lysates). Fig. 2 shows that the 
assay detected the presence of target protein-specific antibodies on the microtiter plate 
and that the delta OD for each dilution of the positive serum displays a linear correlation 
against the dilution factor. Each point in the fi gure is an average of triplicate wells and 
the figure is representative of at least three independent experiments. 

Other Embodiments 

It is to be understood that, while the invention has been described in conjunction 
with the detailed description thereof, the foregoing description is intended to illustrate 
and not limit the scope of the invention. Other aspects, advantages, and modifications of 
the invention are within the scope of the claims set forth below. 

What is claimed is: 
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